Postoperative delirium (POD) is a common complication in the elderly. This retrospective study investigated the effect of intraoperative hemodynamics on the incidence of POD in elderly patients after major surgery to explore ways to reduce the incidence of POD.
Background
Delirium is a disturbance of consciousness and cognition, characterized by altered mental status, inattention, impaired cognition function, abnormal psychomotor behaviors, and disturbance of the sleep-wake cycle [1, 2] . Postoperative delirium (POD) usually occurs early after surgery and anesthesia and lasts for a short time with a fluctuating course [3] .The incidence of POD ranges from 9% to 87%, and increases with the age of the patient [4] [5] [6] [7] [8] . Patients who develop POD have a high risk of many complications such as myocardial infarction, pneumonia, and respiratory failure [9] . The development of POD is associated with higher mortality and morbidity, increased hospitalization, and greater cost [10] . Elderly patients who develop POD have a poor long-term outcome and have the higher risk of institutionalization [10, 11] . Therefore, reducing the incidence of POD is important for improving quality of life in elderly patients, and it is important to identify risk factors during surgery and anesthesia to reduce the incidence of POD in elderly patients.
The causes of POD are unclear, but it is generally believed that there are many diverse contributing factors. Some risk factors for developing POD have been identified, including older age, mental disease, poor physical condition, trauma, nutritional deficiency, anxiety, and depression [12, 13] . Older age has been identified as an independent risk factor for developing POD [14] . POD is also associated with many diseases such as cerebral hypoxia and ischemia, cardiovascular disease, cardiopulmonary bypass, infection, metabolic disorder, sleep disorders, and drug intoxication with the use of benzodiazepines or anticholinergic drugs [12, 15, 16] . However, little is known concerning the prevention and management of risk factors for POD in elderly patients undergoing surgery.
Although many treatment strategies have been implemented to reduce the incidence of POD, including perioperative management and pharmacological, psychological, or multicomponent interventions, these treatments have not resulted in satisfactory outcomes [15, 17] . Recently, a meta-analysis indicated that lighter anesthesia may reduce the incidence of POD [16] . It is well known that intraoperative low blood pressure is a potential risk factor for developing POD [18] . However, it remains unclear whether other intraoperative hemodynamic parameters changes are associated with the occurrence of POD. In this retrospective study, we investigated the effect of intraoperative hemodynamic changes on POD in elderly patients following surgery to explore a way to reduce the incidence of POD
Material and Methods

Patients
All patients or their relatives provided written informed consent prior to inclusion in the study. This retrospective study included 480 elderly patients (233 men and 247 women) who underwent elective surgery under total intravenous anesthesia between January 2012 and March 2014. The incidence rate for delirium was 28.5%. Their average age was 81±6 y (range, 75-87 y) and their mean body weight was 71.5±17.5 kg (range, 54-89 kg). The inclusion criteria were age ³75 y; American Society of Anesthesiology class II or III; mini-mental state examination (MMSE) score >23; and >9 y of education. The exclusion criteria were a history of drug abuse; history of neurological or psychiatric diseases or hyperthyroidism; electrolyte disturbance; severe liver or kidney insufficiency; severe visual or hearing impairment; and recent administration of sedatives, antidepressants, or analgesics.
Of the 480 patients, 142 patients underwent radical resection for gastric cancer, 134 underwent radical resection for rectocolonic cancer, 137 underwent radical resection for lung cancer, and 67 underwent thoracic or lumbar discectomy. The patients were assigned to 2 groups based on the presence of POD: the POD group (n=137) and the non-POD group (n=343).
Cognitive function assessment
MMSE was administered as routine to assess cognitive functions after hospital admission. The assessed cognitive functions included time orientation (5 points, maximum) and spatial orientation (5 points); short-term memory (3 points) and delayed memory (3 points); language function, including naming (2 points), repeating (1 point), and writing (1 point); executive function (5 points); and calculation (5 points). The total maximum score was 30. A MMSE score >23 points was defined as normal cognition function [19] . Patients with MMSE score £23 were excluded from this study.
Anesthesia procedure
All patients were deprived of food for 8 h and water for 2 h before surgery, and did not receive any drugs before the procedure. Electrocardiography, heart rate (HR), blood pressure (BP), and blood oxygen saturation (SpO 2 ) were monitored as routine in the operating room. Prior to anesthesia, the catheters (Becton Dickinson Critical Care Systems, Singapore) were implanted into the radial artery and internal jugular vein for monitoring the invasive arterial BP and central venous pressure (CVP), respectively.
All patients underwent total intravenous anesthesia after tracheal intubation. Anesthesia was induced by intravenous injections of fentanyl (4 µg/kg; Yichang Humanwell Pharmaceutical, China; Lot No. 2110606), propofol (2 mg/kg; Xian Libang Pharmaceutical, China; Lot No. 1203071), and cisatracurium (0.3 mg/kg; JiansuHengRui Medicine, China; Lot No. 12021917). The trachea was intubated under direct vision, and connected to a mechanical ventilator attached to an anesthesia machine. The ventilator settings were: frequency, 12-14 beats/min; inspiratory-to-expiratory ratio, 1: 2; tidal volume, 8-10 mL/kg; minute volume, 100-120 mL/kg; fraction of inspired oxygen, 40-60%; and end-tidal carbon dioxide partial pressure (P ET CO 2 ), 35-45 mmHg.
Fentanyl (2 µg/kg) was intravenously injected 5 min before the skin was incised. Anesthesia was maintained with continuous infusion of propofol (3-5 mg·kg ). The continuous intravenous infusion rate of propofol and fentanyl was adjusted based on each patient's vital signs and bispectral index (BIS). Blood pressure was controlled to £20% of baseline (10 min before the initiation of anesthesia), if BP was greater or less than 30% of baseline (10 min before the initiation of anesthesia), the vasoactive drugs (continuous infusion of nitroglycerin or methoxamine) were given to maintain the stability of circulation. The BIS value was maintained between 40 and 60 [20] . During surgery, sodium lactate Ringer's solution and 6% hydroxyethyl starch (130/0.4 in 0.9% sodium chloride; Voluven; Fresenius KabiNorge A.S., Halden, Norway) were administered intravenously at an infusion rate of 10 mL·kg
After surgery, all drugs were immediately stopped, and patients received patient-controlled intravenous analgesia (PCIA) using a PCIA pump (Zhuhai Fornia Medical, China) in the operating room. Patients were transferred to the Post Anesthesia Care Unit (PACU) and monitored until they had a BIS value >90, full awareness, recovery of muscle strength, normal SpO 2 , removal of tracheal intubation, stable vital signs, and Steward recovery score ³4. The Steward recovery score was assessed for consciousness (0 for no consciousness, 1 for responding to stimuli, 2 for full consciousness); airway (0 for airway requiring maintenance, 1 for maintaining good airway, 2 for coughing on command); and movement (0 for no movement, 1 for no purposeful movement, 2 for purposeful movement) [21] .
Anesthesia monitoring
The patients' electrocardiography, mean arterial pressure (MAP), HR, SpO 2 , cardiac output (CO), stroke volume (SV), cardiac index (CI), and CVP were monitored using a Mindray Beneview T8 monitor (Shenzhen Mindray Bio-Medical Electronics, China) and a Flotrac Vigileo monitoring system (Edwards Life Sciences, U.S.A.). BIS was monitored using a HXD-1 multifunctional electroencephalogram monitor (Heilongjiang Huaxiang Technical Developing, Harbin, China). MAP, HR, rate pressure product (RPP; the product of HR and systolic blood pressure), CVP, SpO 2 , CO, SV, CI and BIS were recorded at 10 min before (baseline) and 10 min after the initiation of anesthesia, 30 min and 60 min after anesthesia, and the conclusion of surgery. The duration of surgery, recovery time from anesthesia, the incidence of intraoperative hypertension (BP was greater or less than 30% of baseline), hypotension (BP <30% of baseline), tachycardia (HR >100 bpm), and bradycardia (HR <60 bpm), and intraoperative dosages of fentanyl and propofol were calculated.
Postoperative analgesia management
After recovery of consciousness, all patients were provided with PCIA by fentanyl. The PCIA was programmed to deliver a loading dose of 0.3 μg/kg fentanyl, with a lockout of 15 min, background infusion of 0.1 μg·kg
, and single dose of 0.1 μg/kg for 48 h. Postoperative pain intensity and comfort level were evaluated 1, 6, 12, 18, 24, 36, and 48 h after surgery. Pain intensity was assessed using the visual analogue scale (VAS) [22] , which ranged from 0 (no pain) to 10 (worst possible pain).
The comfort level was evaluated using the Bruggemann Comfort Scale (BCS) [23] as follows: 0 for persistent pain; 1 for no pain at rest but severe pain during deep breath or cough; 2 for no pain at rest but mild pain during deep breath or cough; 3 for no pain during deep breath; and 4 for no pain during cough.
POD assessment
Surgeons closely observed changes in patients' condition within one week after surgery. When any suspicious symptoms of POD were observed, neurologists were immediately consulted to evaluate the condition of the patient 1-3 days after operation. POD was diagnosed with symptoms of both acute onset of altered and fluctuating mental status and inattention, and either disorganized thinking or altered level of consciousness, using the confusion assessment method [3, 20] .
Statistical analyses
Statistical analyses were performed using SPSS 15.0 software (SPSS, Chicago, IL, USA). Numerical values are presented as the mean and standard deviation. Repeated-measures analysis of variance (ANOVA) was used to compare differences within the same group. One-way ANOVA was used to compare differences between groups. Categorical data were compared using the chi-squared test. The multivariate logistic regression model was used to evaluate the association between POD and the incidence of intraoperative hypertension, hypotension, tachycardia, and bradycardia. P-values <0.05 were considered statistically significant.
Results
There were no significant differences in gender, age, body weight, or ASA score between the POD and non-POD groups (P>0.05; Table 1 ). The preoperative MMSE score in the POD group was not significantly different from that of the non-POD group (P>0.05). The percentage of complications such as hypertension and coronary disease, diabetes, and pulmonary disease did not differ significantly between the 2 groups (P>0.05).
The hemodynamic parameters of patients in the POD group and non-POD groups were measured at 10 min before the initiation of anesthesia (baseline), at 10, 30, and 60 min after the initiation of anesthesia, and at the conclusion of surgery ( Figure 1A-1H) . For both groups, at 10 min after the initiation of anesthesia the MAP, HR, RPP, CVP, CO, SV, and CI values were significantly lower than at the baseline timepoint (P<0.05).
In the POD group, 30 and 60 min after the initiation of anesthesia and at the conclusion of surgery, the MAP, HR, RPP, CVP, CO, SV, and CI values were significantly higher than the corresponding measurements at baseline (P<0.05). However, in the non-POD group, 30 min and 60 min after the initiation of anesthesia and at the conclusion of surgery, the MAP, HR, RPP, CO, SV, and CI values were not significantly different from the baseline readings (P>0.05).
Thirty minutes and 60 min after the initiation of anesthesia and at the conclusion of surgery, the MAP, HR, RPP, CO, SV, and CI values were significantly higher in the POD group than in the non-POD group (P<0.05). The SpO 2 , CVP, and P ET CO 2 values were within normal range, and BIS values were maintained between 40 and 60 for both groups during the surgeries.
There were no significant differences in the duration of surgeries, recovery time, BIS, intraoperative dosages of fentanyl and propofol, or postoperative dosage of fentanyl between the 2 groups (P>0.05; Table 2 ).
There were no significant differences in the VAS or BCS scores at any timepoint after surgery (1, 6, 12, 18, 24, 36, or 48 h) between the 2 groups (P>0.05; Figure 2A , 2B).
The incidence of intraoperative hypertension and tachycardia were significantly higher in the POD group than in the non-POD group (P<0.05; Table 3 ). We further used the multivariate logistic regression model to determine associations between POD and the incidence of intraoperative hypertension, hypotension, tachycardia, and bradycardia. Based on this analysis, the incidence of intraoperative hypertension and tachycardia was significantly associated with POD (P<0.05, Table 3 ).
Discussion
POD commonly occurs in elderly patients after major surgery, and is associated with increased mortality and morbidity, longer hospitalization, and greater medical cost [9, 24, 25] . Although the causes of POD have not been clearly elucidated, it is believed that it may be the consequence of many predisposing and precipitating factors [26] . Older age is a well-known risk factor for developing POD [14] , but since aging cannot be countered it is therefore important to identify controllable risk factors that can be controlled. Patients older than 70 years commonly have poor physiological vital organ reserve, are more sensitive to drugs, and are often complicated with many diseases such as hypertension, coronary heart disease, diabetes, and pulmonary disease, and thereby have lower tolerance to surgery and anesthesia. Stable control of intraoperative hemodynamics must be carefully maintained to meet myocardial oxygen supply and demand balance during surgery for elderly patients. In this study, we investigated the effect of intraoperative changes in the hemodynamic parameters on the incidence of POD in 480 elderly patients, 137 of whom experienced POD. Multivariate logistic regression analysis showed that the incidence of intraoperative hypertension and tachycardia was significantly associated with the occurrence of POD, indicating that stable control of intraoperative hemodynamics may reduce the incidence of POD in elderly patients undergoing surgery. In addition, BP, HR, and myocardial oxygen consumption increased in response to stress responses caused by surgery Data are expressed as the mean ± standard error of the mean. n=137 for the POD group. n=343 for the non-POD group. * P<0.05 cf. T1; # P<0.05 cf. non-POD group. T1, 10 min before the initiation of anesthesia (baseline); T2, 10 min after the initiation of anesthesia; T3, 30 min after the initiation of anesthesia; T4, 60 min after the initiation of anesthesia; T5, conclusion of surgery.
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and anesthesia, which may worsen heart diseases that often exist in elderly patients. In the present study, during surgery, blood pressure was controlled to £20% of baseline (10 min before the initiation of anesthesia). If BP was greater or less than 30% of baseline, vasoactive drugs were given to maintain the stability of circulation. Stable control of intraoperative hemodynamics can reduce the cardiovascular and cerebrovascular accident.
The mechanisms that underlie POD associated with hemodynamic instability remain unclear. It has been reported that the peripheral release of inflammatory cytokines such as interleukin-1b, tumor necrosis factor-a, and interleukin-6 in response to surgical trauma can pass the blood brain barrier. This can result in the activation of astrocytes and microglia in the brain, leading to further release of neurotoxic inflammatory mediators that can subsequently induce delirium [27, 28] . Activation of the cholinergic anti-inflammatory pathway can inhibit the peripheral release of inflammatory cytokines and suppress the neuroinflammatory response [29] . In a surgical stress rat model, acetylcholinesterase inhibitors that increase acetylcholine levels inhibited the peripheral protein expression of interleukin-1b and tumor necrosis factor-a and reduced neuroinflammation and degeneration in the cortex and hippocampus [30] . Table 3 . Multivariate logistic regression analysis of the intraoperative hemodynamic risk factors for POD, n (%). In the present study, increased MAP, HR, RPP, CO, SV, and CI found in the POD patients may have led to sympathetic activation and parasympathetic inhibition that subsequently resulted in a decreased release of acetylcholine. Decreased release of acetylcholine may weaken cholinergic anti-inflammation activity and result in increased peripheral release of inflammatory cytokines, enhanced neuroinflammation, and subsequent delirium. In addition, Longas et al. [31] reported that general anesthesia increased the blood levels of IL-6. Hadimioglu et al. [32] reported that the TNF-a levels were significantly less after general anesthesia and epidural anesthesia compared with the baseline, suggesting that the depth of general anesthesia may protect against inflammatory factors that contribute to POD. Therefore, too-light anesthesia may contribute to POD. We could not exclude the possibility that light anesthesia may have contributed to the POD in elderly patients in the present study.
In the present study, the SpO 2 , CVP, and P ET CO 2 values were within normal range and the BIS value was maintained between 40 and 60 for both groups during the surgeries. We excluded patients with preoperative or intraoperative use of benzodiazepines or anticholinergic drugs, thus reducing the possibility that these precipitating factors contributed to the development of POD [16, 26, 33, 34] .
In the present study, we found no significant differences between the POD and non-POD groups with regard to gender, age, body weight, ASA scores, preoperative MMSE scores, preexisting diseases, operative time, recovery time from anesthesia, or intraoperative dosages of propofol. These findings suggest that these factors did not significantly contribute to the occurrence of POD. In addition, we found no significant differences in intraoperative dosages of fentanyl and postoperative dosage of fentanyl between the POD and non-POD groups, suggesting that fentanyl did not significantly contribute to the occurrence of POD. However, Tokita et al. [35] reported that fentanyl produced a good analgesic effect and reduced the incidence of POD. The difference may be due to the different dosage of fentanyl used between the 2 studies.
Vaurio et al. [36] reported that postoperative pain was a risk factor for developing POD, and effective control of pain reduced the incidence of POD. In the present study, all patients achieved satisfactory analgesic outcomes, and there were no significant differences in the VAS and BCS scores at any timepoint between the POD and non-POD groups, suggesting that postoperative pain may not be a major contributor to the incidence of POD in elderly patients undergoing major surgery. Sieber et al. [13] reported that light sedation decreased the prevalence of postoperative delirium by 50% compared with deep sedation (BIS, approximately 50), indicating that deep sedation was a risk factor for developing POD. In the present study, the BIS values in the POD group and non-POD groups were 55.5±3.4 and 56.2±3.1, respectively. There was no significant difference in the BIS values between the 2 groups, suggesting that sedation (BIS >50) may not be a major contributor to the incidence of POD in elderly patients undergoing major surgery.
The incidence of POD varies greatly among reports in the literature, ranging from 9% to 87%, and increases with the age of the patient [4] [5] [6] [7] [8] . In this study, the incidence of POD was 28.5%. Since neurologists were only called if patients were suspected of having POD, the incidence of POD may be higher among the patients examined. In addition, in the majority of patients with delirium, the condition was hypoactive, and thus there was a higher risk of it going undiagnosed. Therefore, some patients with hypoactive delirium may have been missed.
Conclusions
We investigated the effect of intraoperative hemodynamics on the incidence of POD in elderly patients undergoing major surgery, and found that the MAP, HR, RPP, CO, SV, and CI values were significantly higher in POD patients than in non-POD patients. Multivariate logistic regression analysis found that the incidence of intraoperative hypertension and tachycardia was significantly associated with POD in elderly patients. Our study supports that maintaining intraoperative stable hemodynamics may reduce the incidence of POD in elderly patients undergoing surgery.
